Introduction 41
Mining can introduce contaminants of a variety of types into the wider environment. In the 42 case of metal mining this applies not only to the targeted metal itself, but also to those metals 43 extracted in significant quantities as by-products and which form components of the waste 44 stream (Lottermoser, 2010) . The Earth's surface is, as a result, being continuously and 45 increasingly contaminated with metal-bearing residues both as a function of higher demand, 46 and as ever lower ore grades are exploited (Mudd, 2010; van Vuuren et al., 1999) . In 47 countries where metal mining forms part of the economy, its origins can often be traced back 48 several centuries or millennia and, depending on the level of development of the country, 49 these historic remains can be viewed in a positive or negative light. On the one hand historic 50 mining and metal working sites form an intrinsic part of humanity's commercial and 51 industrial history and are therefore potentially valuable heritage assets (Edwards, 1996 geoconservation and geotourism initiatives (Larwood et al., 2013) . On the other hand, these 54 sites can constitute a serious environmental hazard because of residual contamination 55 (Hornberger et al., 1999; Macklin et al., 1997) . Therefore a tension, or dichotomy, commonly 56 exists between cultural and environmental imperatives. 57
The United Kingdom (UK) affords a good example of an area where the impacts of 58 historic mining assets are significant. During the mid-19 th century the UK produced 75% of 59 the world's copper (Cu), 60% of the tin (Sn) and 50% of the Pb (Harvey and Press, 1989 ; 60 Zhang, 2008) . During the latter part of the 19 th and early 20th century, UK base-metal mining 61 went into a terminal downturn due to declining domestic grades and the discovery of large, 62 economically viable deposits overseas (Byrne et al., 2012) . It has been conservatively 63 estimated that the UK has over 3,000 abandoned metal mines . Many of 64 the Wye, which flows off the limestone uplands draining the western part of the catchment. 161
The lower course comprises the length between the end of the Matlock Gorge and the Trent 162 confluence; it includes the 24 km reach designated as the DVMWHS (Figure 1 The orebodies that were mined for Pb in the Derwent catchment occur where 173 hydrothermally-derived mineralized veins occur along bedding planes, faults and joints 174 within the limestone and between adjacent bedded strata (Cox and Singer, 1986; Ineson and 175 Ford, 1982) . These bodies are c. metre-wide, ribbon-like veins of limited vertical extent that 176 extend laterally for up to a kilometre (Ineson and Mitchell, 1972 ; Palumbo-Roe and Colman, 177 2010), as well as more massive bodies that infill pre-existing activities and structural zones of 178 weakness within limestone (Ford, 2001; Quirk, 1993 outputs were produced by fewer mines. By 1760, the seven largest mines in the Derwent 195 catchment belonged to major companies and produced six times the combined production of 196 the 22 other mines in the local mining area jurisdiction (Willies, 1986 th -century -a very significant proportion of total production before it closed in 1939 199 (Brearley, 1977) . For the Derbyshire Orefield as a whole, overall ore production has been 200 estimated to be in the millions of tons, with the bulk of this sourced from within the Derwent 201 catchment (3-6 million tons of Pb; Ford and Rieuwerts, 2000) , with maximum Pb production 202 being reported as having occurred during the 18 th century. Therefore, mining since the 203 Industrial Revolution has produced additional hotspots of Pb-rich material. 204 205
Pb Contamination Legacy of the Derwent Catchment 206

Distribution of Pb in the Derwent Catchment 207
The Derwent catchment hosts sediment-borne Pb hotspots that have the highest 208 concentrations of Pb (3,960-10,000 mg/kg) recorded in England and Wales (Table 1) . Many 209 of these concentrations exceed internationally agreed safety levels for sediments and soils 210 (Table 1) 
319
The geochemical evidence suggests that mining has provided much of the fluvially-320 transported Pb in the Derwent and Pb isotopic fingerprinting suggests that it may also be 321 important on a wider regional scale. Lead isotopic data for sediments from the River Trent 322 downstream of the Derwent confluence suggest both a mining-and industrially-derived 323 source for Pb, in the latter case from a local power station and railway marshalling yard 324 (Izquierdo et al., 2012) . These data suggest that the Derwent catchment as a whole is a 325 indigenous Quechua guide tourists in and around the past and current mining sites of the 454 Cerro Rico, deriving from this a significant source of income (Pretes, 2002) . In the UK 455 context, the historic mining landscapes of Cornwall and west Devon, which also has WHS 456 status, are considered to be key elements of the regional development plan (Landorf, 2009) . 
